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PREFACE 



This report has been prepared for the National Bureau of Standards , U.S. De- 
partment of Commerce, as one phase of the work performed under Contract CST-10133* 
Its purpose is to summarize the characteristics of a digital computer employing 
magnetic drum data storage* This somewhat condensed summary is intended to serve 
as the engineering basis for negotiations leading to a possible contract for the 
construction of a computing machine, in accordance with agreements reached at a 
conference in St» Paul on 5 November 19^8* The properties of the machine are de- 
fined in sufficient detail to be useful to anyone wishing to program sample prob- 
lems for the purpose of evaluating the speed and general utility of the machine* 

In compliance with the terms of the contract, the described characteristics 
are based on techniques which are either in active development or have been sub- 
jected to detailed critical analysis. 

Preliminary reports outlining three variations on the design of a magnetic 
drum computer were submitted on 13 August, 30 September, and 19 October 19i4B» 
These are listed as References (a), (b), and (c) in Appendix A* The present ma- 
chine is different from those previously described. 
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HBS COMPUTER CHARACTERISTICS 1 

CHAPTER 1 
FUNCTIOHAL DESCRIPTION OF THE COMPUTER 

1.1 Introduction* 

1.1. 1 The computer. The device whose properties are the subject of this re- 
port is a general purpose electronic binary computer with magnetic drum internal 
data storage* It is a selective sequence machine which employs a "two-address 11 
system of logic for following a program of instructions. 

1*1.2 Parallel transmission and static retention of data. Figure 1 is a 
block diagram showing the paths over which digital data are transmitted between 
the principal units of the computer. (This is not a complete block diagram of the 
computer.) In the transmission of digital signals, the presence of a pulse in a 
channel represents a 1 and the absence of a pulse a 0. The digits of a multidigit 
number are transmitted simultaneously over a multichannel bus* All digital infor- 
mation "in process" within the computer (excluding that which is in magnetio 
storage) is held on registers made up of toggle-circuits, or static flip-flops. 

A toggle-circuit is a vacuum tube cirouit which has two stable states. It is 
therefore capable of retaining, or remembering, a single binary digit. In Figure 
1, each toggle -circuit register is indicated schematically as a rectangle with two 
input terminals, labelled and 1, and two output terminals, similarly labelled. 
The symbol which represents a 3°~43.£it register may be thought of as a composite 
o of 30 individual toggle-circuits, each one of which may be represented by a similar 

H kind of symbol* If the input terminal of a toggle is pulsed, the output ter- 

minal becomes positive. If the 1 input terminal is pulsed, the 1 output terminal 
becomes positive. 
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BBS COMPUTER CHARACTERISTICS 2 

The transmission of data between registers is accomplished by means of gat* 
ing circuits* A gate is a vacuum tube circuit having two input terminals and a 
8 ingle output terminal* A pulse impressed on the first input terminal produces 
an output pulse only if the second input terminal is positive* The signal voltage 
on this second input generally originates at the output terminal of a toggle- 
circuit • 

In order to transmit the number contained in one toggle-circuit register to a 
second register, the destination register must first be cleared to f s* A bank of 
gates whose secondary inputs are tied to the 1 outputs of the first register are 
then actuated by pulsing their primary inputs* The outputs of these gates go to 
the 1 inputs of the second register* Pulses are transmitted only over those chan- 
nels in which the corresponding originating toggle-circuit contains a 1* The re- 
sult is to duplicate the contents of the first register in the second* 

It will be apparent that the same result may be obtained by first clearing 
the second register to l f s f then gating the output of the first register to the 

input of the second* The complement of the nuntoer in the first register may be 
inserted in a second register either by first clearing to f s and then transmit- 
ting the output to the 1 input, or else by clearing to l f s and transmitting the 

1 output to the input* (The complement of a number is described in Seotion 1*3*) 

In Figure 1* a multichannel bus is indicated by a bold line* A bank of $0 
gates is represented by a rectangle labelled n 30 G* # etc* The control pulse lines 
o which actuate these gates are not shown* Whether a given register is oleared to 



a 



0*8 or to l f s is indicated by the position of the control line marked "CI/ 1 * 

It should be emphasized that the act of transmitting a number from one regis- 
ter to another does not remove the number from the source, but merely duplicates 
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It at the destination* 

1*1*3 Five sect ion a of the computer* For descriptive purposes, the oomputer 
may be divided into five sections t Storage , Arithmetic, Program Control, Input, 
Output* The functions of the five sections of the computer will be described in 
the following sections* 

1*2 Storage Section* 

1*2*1 Organisation of the drum* The computer has a storage capacity of I4O96 
(or 2*2) 30-digit binary numbers* Binary digits are stored as magnetic marks an 
the surface of a continuously rotating cylindrical drum* The marks are arranged 
in parallel peripheral tracks, with a single magnetic head for reading and writing 
assigned to each track* The digits of a 30-digit number are entered simultaneous* 
ly into their respective "cells" on 30 tracks* Each track contains 20I48 (or 2**) 
cells, so that 30 tracks store 2QL4B 30-digit numbers* There are two such groups 
of tracks on the drum* 

Each 30-<*igit nuiiber occupies a "box"* The location of each box on the drum 
is specified by a 12-digit binary number called the "address"* The leftmost bi- 
nary digit speoifies one of the two groups of tracks* The other 11 digits specify 
one of 20I4B angular positions of the drum* One group of tracks contains the 2QI4S 
boxes whose addresses (expressed in octal, or radix 8, notation) lie between 0000 
and 3777 » inclusivei the second group, those lying between I4OOO and 7777* inclu- 
sive* The two boxes at a given angular position have addresses which differ by 

<o 

the octal number 1+000* 

H In addition to the 60 storage tracks, there are 11 tracks for locating pur- 

poses and two tracks for timing and control of the storage operations* The 11- 
track group contains 201*8 permanently recorded 11-digit binary numbers, corree- 
EN8INEERING RESEARCH ASSOCIATES , INC. 
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ponding to the 201*8 angular positions of the drum. These numbers appear in con- 
secutive order* 

1.2.2 Physical characteristics. The physical characteristics of the magnet- 
ic storage drum are listed in Table I. Background material relative to the mag- 
netic storage techniques employed is contained in References (d) and (e)» Non- 
return-to-zero signals, described in these references, are used in the looator 
tracks. Return-to -sero signals are employed in the storage traoks. 

1.2.3 Functional description. The functions of the electrical parts of the 
storage section ares (1) locating, (2) writing, and (3) reading. 

The problem of locating is to find the box on the magnetic drum corresponding 
to the address which has been set up in the Storage Address Register (SAR, Figure 
1). The leftmost stage of SAR selects the proper track group* An 11-fold coin- 
cidence circuit compares the settings of the other 11 stages with the outputs of 
the amplifier circuits which read the 11 looator tracks. When the drum reaches 
the angular position corresponding to the address contained in SAR, the coincidence 
circuit generates a pulse. This pulse causes the 30 digits of a number simultane- 
ously to be written into, or read from, the selected one of the two groups of 
tracks, at the correct angular position. 

The writing system records on the drum digital information which has been set 
up in the Storage Insertion Register and the Storage Blocking Register (SIR and 

SBR, Figure 1). The number to be written into storage is received and held by SIR. 

co 

o In some operations of the computer, the writing of certain specified digits of the 



& 



number in SIR must be suppressed* This digit-blocking information is oontained in 
SBR. 

Sixty writing circuits drive the 60 magnetio heads associated with the storage 
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tracks* Each writing circuit contains two miniature thyratrons, each of which can 
discharge a simple network through a winding on the magnetic head* One thyratron 
is fired to write a 1, the other to write a 0. The thyratrons are triggered by the 
locator coincidence pulse gated through the proper group-selecting gate* One of 
the tubes (for suppressed digits, both tubes) is prevented from firing by applica- 
tion of a negative bias to its shield grid* This type of writing oircuit is des- 
cribed in References (d) and (e)« 

The Storage Reading Amplifiers (Figure 1) amplify the signals read from the 
selected group of storage tracks and cause the number read from a seleoted box to 
be transmitted to a speoified destination in the computer* There are 30 reading 
amplifiers, each having dual inp\|b stages* One set of inputs is associated with 
eaoh of the two track groups* Which set is blocked and which is operable is de- 
termined by the leftmost digit in SAR* 

These Storage Reading Amplifiers have three sets of output gates* The num- 
ber being read may be directed to the X-Register # to the Program Control Registers 
(CTS* PAR* EAR* in Figure l), or to the Print/Punch Register. The destination is 
selected by impressing the pulse from the locator coincidence oircuit on the ap- 
propriate set of output gates* In the oase of reading data into the Print/Punch 
Register* a lockout is provided against filling the register until such time as 
the information previously put into it has been consumed by the typewriter unit* 

The address search preceding each writing or reading operation is initiated 
^ by a signal from the Program Control Section of the computer* Upon completion of 

8 

g} the writing or reading operation, an end-signal notifies Program Control and 

H 

clears SAR* SIR, and SBR* 

ENGINEERING RESEARCH ASSOCIATES , IMC. 



HBS COMPUTER CHARACTERISTICS 6 

1*3 Arithmetic Seotlon# 

1*3+1 Components* The principal units of the Arithmetic Seotion of the com- 
puter are the X-Register (X), the Q-Reglster (Q), and the Accumulator (A)# All 
arithmetic operations are performed on numbers contained in these units* The sim- 
pler arithmetic operations are directed by the Program Control. Sequential rou- 
tines (shift, multiply , divide) which are part of the more complex arithmetic 
processes are directed by the Arithmetic Sequence Control, of which the Arithmetic 
Shift Counter (ASK) is a component unit* The avenues of communication between 
these and other units of the computer are shown schematically in Figure 1. 

1*3»2 Number representation* Binary numbers are used throughout the comput- 
er • Negative numbers are expressed as complements on (2* -1) in the boxes of 
storage, in X, and in Q. These units are all of 30*digi* width* In A, which is 
60 digits wide, negative numbers are expressed as complements on (2 -!)• This 
is the familiar "one * s-oomplement" representation* It is a property of this rep- 
resentation that the extreme left digit of a positive number is Of that of a neg- 
ative number, 1* 

The binary point is located at the right in all registers* That is, all nun* 
bers are treated as integers by the machine* Hon-integer numbers may be handled 
by programing scale factors* 

To sunmarine, registers other than A may contain any positive or negative in- 

2Q 
teger whose absolute value does not exceed (2 -1)# The Accumulator (A) may con- 

g tain any integer whose absolute value does not exceed (2-^-1)* 

1*3*3 Accumulator* The Accumulator is the central theater of numerical op- 
erations in the computer* In this unit, the sum, difference, product, or remain- 
der are formed, and numbers are manipulated in various ways* 
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The Accumulator is basically subtractive, with end-around borrow. That is, 
every number transmitted to A is automatically subtracted into (i.e., subtracted 
from) the number there, the new number in A being the resulting difference. The 
subtraction is performed modulo (2 -1). A number may be added into A by trans- 
mitting its complement to A. 

There are two ways of representing zero in the one* s-complement number sys- 
tem! (000...0) and (lll.».l). An additive accumulator can generate only the kind 
of zero (111...1) which has the machine properties of a negative number. A sub- 
tractive accumulator can generate only the kind of zero (000...0) which has the 
machine properties of a positive number. Apart from this exclusion of the nega- 
tive zero, the question of whether the aocumuxmilator is subtractlve or additive 
is an internal property of the machine, and need be of no concern to the program- 
mer. 

The number in A may be shifted to the left by any number of places from 1 to 
59 * ia response to a single command. This shift is "circular rt j i.e., a digit 
shifting out of the left end of A is not lost, but shifts into the right end. 
Each single shift is mathematically equivalent to multiplication by 2, modulo 
(2 60 -l). 

The Accumulator Input Gates shown in Figure 1 perform the conversion of 30- 
digit numbers from X or Q to the appropriate kind of 60-digit number to be sub- 
tracted into the Accumulator. The kinds of numbers which are subtracted into A 
o in the various arithmetic operations are tabulated in Table II, and will be dis- 

X cussed in Section 2.3» 

l.j.Il Q-Registcr. The Q-Register participates in several arithmetic and 
logical operations. These will be described in Chapter 2. In particular, the 
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quotient is formed In Q in division, and the multiplier held there during multi- 
plication* This register may also be used for rapidly accessible storage of a 
single number , since it communicates bilaterally with A* 

By means of a single command, the number in Q may be shifted circularly to 
the left from 1 to 29 places* 

1*3*5 X -Register* The principal function of X is to receive numbers trans- 
mitted from storage to the Arithiastic Seotian* This register has no adding or 
shifting property* It is possible to subtract into A the number in X or its com- 
plement* Addend* subtrahend, multiplicand, or divisor are held in X during the 
corresponding arithmetic operations* 

1*3*6 Shift Counter* The Arithmetic Shift Counter (ASK in Figure 1) counts 
the number of places shifted in the several operations involving shifts of Q or A* 
It is a subtraetive counter which may be preset to the number of places it is de- 
sired to shift* Each single-shift control pulse subtracts 1 from the counter* 
The arrival of ASK at zero cuts off the train of control pulses and stops the 
shifting sequence* 

The Arithmetic Shift Counter counts modulo 60, in that it resets to 59 after 
0* This property is used in the scale factor shift, to be described in Chapter 
2* The output gates to SIR are included solely for the scale factor shift* 

1#U Program Control Section* 
^ 1*U»1 Computer instructions* The function of the Rrogram Control Section of 

g\ the computer is to direct the execution of a program of instructions, contained in 

storage, for the working of a mathematical problem. 

Each instruction is expressed as an aggregate of 30 binary digits and my be 
stored and transmitted in precisely the same manner as a numerical quantity* The 
ENGINEERING RESEARCH ASSOCIATES , INC. 
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right-hand 12 digits of an instruction represent y, the execution address. This 
is the address of the box in storage to which reference must be wade in order to 
carry out the instruction* The next 12 digits to the left represent p # the pro- 
gram address. This is tte address of the box containing the next instruction in 
the program* The left-hand 6 digits express the command code. This code speci- 
fies which command, of the 39 understood by the machine, is to be executed. 

Some of the commands do not require a reference to storage for execution; for 
these there is no associated execution address, and the right-hand 12 digits are 
therefore irrelevant. In a few oases, these 12 digits contain specialized infor- 
mation! e.g., the number of places that Q or A is to be shifted. The commands 
will be discussed in Chapter 2. 

l.i|>.2 Components. Program Control obtains each instruction in the program 
from storage and translates it into control pulses directed to various parts of 
the oomputer in correct sequence for its execution. An instruction transmitted 
from Storage to Program Control is split into three parts. The execution address 
is received in the Execution Address Register (EAR in Figure 1), the program ad- 
dress in the Program Address Register (PAR), and the command code in the Command 
Translator Switch (CTS). 

The Command Translator Switch is a toggle-circuit controlled diode matrix, 
of the type described in Reference (f )• A given 6-digit code set up in CTS ener- 
gizes one of a number of output leads (39 used, 6I4, possible). This d-o level 
2 signal seleots the set of basic operations appropriate to the specified comraand« 



& 



These operations are sequenced by pulses from the pulse generation and distribu- 
tion units and associated connecting matrices. (These units are shown in block 
form in Figure 3* ) 
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1»U*3 End Point Counter * The End Point Counter (EPK in Figure 1) is a 12- 
digit subtract ive counter whose primary purpose is to count the number of tines a 
repetitive routine has been traversed in a program* The counter is operated by- 
two special commands whioh will be discussed in Chapter 2* This unit also par- 
ticipates in the machine input operations* 

1*5 Input Section* 

1«5»1 Input medium* The Input Section of the maohine transmits numerical 
data and the program of instructions from the input medium to the storage system. 
The input medium is 7-hole punched paper tape, with data confined to six levels, 
or tracks* The seventh level is reserved for codes to control the input oper- 
ations* 

Each 30-digit box in storage is loaded from five consecutive lines on the 
input tape* These five lines will be referred to as a •frame" • The first line 
of a frame corresponds to the leftmost fifth of a box* the seoond line to the 
second fifth, etc* 

1*5*2 Tape reader* The tape is scanned by a photoelectric reading device 
at a nominal speed of 75 t**t per minute* This corresponds to 150 lines per seo- 
ond* or 30 frames per second* If it should be desired to load the entire drum* 
it would take about 2*3 minutes to fill all J+096 boxes* 

The magnetic drum rotates continuously at its normal speed during the input 
oq operation. The tape feed need not be synchronised with the drum rotation* It is 

8 

gj necessary only that the nuaber of drum revolutions per second exceed the ntraber 

H 

of tape frames scanned per second* 

The tape is driven by friction rollers, moving continuously rather than inter- 

mittently* The feed holes, normally used in sprocket-driven tape systems * are 

EN6INEER INQ RESEARCH ASSOCIATES , INC. 



NB8 COMPUTER CHARACTERISTICS 11 

scanned photoelectrical ly to provide pulses for timing the input control circuits* 
1*5*3 Input control, characteristics of* The information on the tape is of 
two kinds t (l) data (numerical and program) to be written into storages and (2) 
codes for controlling the operation of the input section, but not to be written 
into storage* 

The fifth or last line of each frame on the tape is accompanied by a seventh- 
level hole* This synchronizing hole is one form of input control oode^ In addi- 
tion, there are two basic commands for controlling the tape-to-drum loading oper- 
ation* Each sequence of data frames is preceded by a frame containing an initial 
address, plus a tape control code in the seventh level* Following the sequence 
of data frames there is a frame containing a check address, plus a different tape 
control code in the seventh level • The two tape control commands are logically 
equivalent to the following statements* 

INSERT ADDRESSi Write the contents of the next frame 
of tape into the box specified by this address, and con- 
tinue to write the contents of succeeding frames of tape 
into boxes of consecutively ascending address* 

CHECK ADDRESSi Stop the loading sequence and compare 
the address given in this frame with the address (contained 
in a counter) of the box which was about to be loaded* If 
they are alike, continue scanning tape for next sequence* 
If not, stop tape motion and flash alarm* (This command 
stops the tape motion only if an error is detected*) 

g Each sequence of data is preceded by an INSERT ADDRESS code, and is followed 

K by a CHECK ADERESS code* Several sequences may be spliced together, or punched 

on one tape, or punched on different tapes* They may be loaded into the machine 
in any order* 

1*5*U Input control, mechanism of* The appearance of the tape control cod- 
ing is shown in Figure 2* A bank of 11 phototubes scans the tape as it travels 
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past the reading position* These are identified by the shaded blooks in the dia- 
gram* Six of the phototubes read a single 6-digit line of data* One phototube 
views the feed holes* Four phototubes read the seventh-level oontrol code* 

As each line of tape arrives at the horizontal bank of data phototubes, the 
four seventh-level tubes observe a binary code (e*g*, 1101 at the instant shown) 
which identifies the procedure to be followed on that line* The five lines com- 
posing a frame are labelled a,b,o,d, and e* The positioning of the control photo- 
tubes is such that when the data phototubes are viewing the e line, the oontrol 
phototubes are viewing the e Y f a,b, and e positions in the seventh level* The 
label e v refers to the e position in the preceding frame* The e' and e control 
phototubes are energized simultaneously only when an e line is opposite the data 
phototubes* That is f an e line is identified by a control code of the form 1XX1* 
In particular,. 1101 identifies the e line of an INSERT ADDRESS frame, 1001 the e 
line of an ENTER DATA frame, and 1011 the e line of a CHECK ADDRESS fran** Con- 
trol codes not of the form 1XX1 identify a,b,o, and d lines of any kind of framej 
these are all given identical treatment* Instructions for the final disposal of 
a frame of data are not revealed until the e line is read* 

Figure 3 I s a block diagram showing tiiose parts of the computer which par- 
ticipate in input operations* The digital transmission paths used in input oper- 
ations are shown also in Figure 1* 

The Tape Translator * Switch (TTS) is a considerably simplified version of the 
Contaand Translator Switch (CTS)* One of its five output leads is energised on 
receipt of the U-cligit tape oontrol code* The outputs operate into the computer *s 
operation selecting matrix, in the same manner as the outputs of CTS* All input 
operations internal to the computer take place at the same pulse rates as in 
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regular computing* 

The Q-Register is used for assembling the five 6-digit lines of a fran» of 
tape f and for providing part of the "cushion" storage of data en route from tape 
to drum. The rapid shifting property of Q is utilized in the assembly operation* 

After the e line of a frame has been received by Q, the number in Q is trans- 
mitted to one of two destinations, depending on the kind of frame being read* as 
identified by TTS* If the frame is of the ENTER DATA kind, the number in Q is 
transmitted to SIR for writing into storage* If it is either an INSERT ADDRESS 
or a CHECK ADDRESS frame, the complement of the number is transmitted to EPK 
(right-hand 12 digits only, other • being irrelevant)* 

The End Point Counter (EPK) is utilised to keep track of the address of the 
box to be loaded* For machine loading operations, this unit is provided with an 
*AWC n set of input terminals* A 12-digit number transmitted to EPK via these ter- 
minals is "added without carry 1 * to the number in EPK* 

In Section 1*U*3* EPK was described as a 12-digit subtractive counter* For 
input operations, it is required to add 1 to the address in the counter for each 
successive frame of data* The desired properties are realized by inserting the 
complement of the initial address in EPK, subtracting 1 from this each time, and 
transmitting the complement of the number in EPK to SAR* (This is equivalent to 
relabelling EPK f s input and output terminals)* 

The modus operandi of the input process will now be described (with the les- 
g ser details omitted)* As each line of tape passes before the phototubes, a sharp 

H pulse is delivered by the Feed Pulse Amplifier* This pulse causes TTS and the 

right-hand six stages of Q to be filled from the appropriate tape amplifier out- 
puts, and initiates a short, rapid sequence of internal machine operations, as 
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follows I 

If the TTS setting is not of the form lXXl f the line is 
a,b,o, or d, and the principal operation is a 6-plaoe shift 
of Q. 

If the TTS setting is 1101 , the line is the e line of an 
INSHiT ADDRESS frame, and Q is now full. First EPK is cleared 
to 0*s, then the complement output of Q is transmitted to the 
AWC input of EPK* The number in EPK is now the complement of .. 
the initial address* 

If the TTS setting is 1001, the line is the e line of an 
EKTER DATA frame, and Q is full. The complement output of EPK 
is transmitted to SAR. This sets up the initial address in 
its normal form* The normal output of Q is transmitted to SIR. 
The Initiate Write control line to storage is pulsed. The 
Advance EPK line, which subtracts 1, is pulsed. This sets up 
the destination address for the next f rasas. 

If the TTS setting is 1011, the line is the e line of a 
CHECK ADDRESS frame, and Q is full. If the check is good, the 
numbers in Q and EPK are complements. The complement output 
of Q- is transmitted to the AWC input of EPK, as before. This 
leaves 0*s in EPK. The Advanoe EPK line is pulsed. If this 
operation produces an end-borrow, the check is good. 

So that orders of magnitude of the time intervals involved may be fully ap- 
preciated, it should be noted that the feed pulse repetition period is extremely 
long (6700 microseconds) relative to the internal clock pulse period (2.5 micro* 
seconds). 

1.5»5 Tape preparation unit. The input tape is prepared by means of a spec- 
ial keyboard unit which actuates a standard 7-hole tape punch. The keyboard ar- 
rangement has not been standardised at this writing. One suggested design has 
^ two arrays of 6I4. keys each. The keys in one group are marked with the octal num- 

g} bers 00 through 77. Thirty-nine of the keys in the other group are labelled with 

the 39 command code symbols (QA, OP, TE, etc.). Each key in one group is tied 
electrically to one key in the other group. Depressing a given key sets up the 
corresponding 6-digit binary number to be punched as a line of data. After the 
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number Is set up, a Punch and Advance bar is struck* There are two such bars* 
One of these causes the seventh-level hole to be included; the other causes it to 
be omitted* If a special switch is set* a seventh-level hole will automatically 
be included opposite every fifth, or e, line* Five lamps indicate which of the 
five lines of a frame is about to be punched* 

1*6 Output Section* 

The Output Section of the computer contains means for transmitting informa- 
tion from storage to a punched paper tape and/or a printed page* Two ooxanands* 
PRINT ONLY and PRINT AND PUNCH* are provided for governing the output operations* 
These will be described in Chapter 2* 

Both of these commands cause the right-hand six binary digits in a specified 
box in storage to be transmitted to the Print/Punch Register (PPR in Figure 1), 
as explained in Section 1*2*3* An electric typewriter then prints the character 
to which this code corresponds, and (if so instructed) a perforator punches the 
six digits as a line of data on 6- or 7-hole tape* As soon as the mechanical op- 
eration is under way* PPR clears and is receptive to further data* 

Once a print operation has been initiated, the computer is free to continue 
with its program* It is not necessary for Program Control to stop and await com- 
pletion of the printing operation* However, a seoond printing operation is auto- 
matically delayed until completion of the previous one* 
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CHAPTER 2 
COMPOTING CHARACTERISTICS 

2*1 Introduction. 

The computer has a repertoire of 39 operation commands* The§e commands are 
defined in Section 2.2, without elaboration. Comments on the commands are con- 
tained in Section 2»3# Factors influencing the speed of computing are treated in 
Section 2*U* 

2*2 Definitions of the Commands* 

2*2*1 Nomenclature* In the 39 definitions to follow, parentheses around an 
address symbol or a register symbol mean "the number contained in" the box or reg- 
ister so designated; e*g*, (y) is the nunber in the box whose address is y, and 
(A) is the number in the Accumulator* 

The numbers contained in A* Q, and X are expressed as aggregates of digits a , 
q., and x., respectively, where the subscript w i tt is the power of 2 associated with 
that digit* That is, a Q is the coefficient of 2 , and is therefore the right-hand 
digit of (A)| a i is the (i+ l)th digit from the right. 

A, coding designation is included for each command* (These codes are repeated 
in Table III, together with their mnemonic significance*) Each double capital let-' 
ter should be regarded as a single symbol* On the tape -pre paring keyboard there 
will be a key for each of the 39 symbols* 

This set of commands will be called List E-U, to distinguish it from previous- 
ly reported lists* 

2*2.2" Principal additive commands. The following twelve statements define 
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the "ordinary", "absolute", and "split" types of additive commands 

1. QApy - HOLD ADDs Add (y) to (A). 

2. OPpy - CLEAR ADDi Clear A and insert (y). 

3. OSpy - HOLD SUBTRACT* Subtract (y) from (A). 

U* ONpy - CLEAR SUBTRACTt Clear A and insert the negative of (y). 

5# AApy - ABSOLUTE HOLD ADDi Add to (A) the absolute value of (y). 

6. APpy - ABSOLUTE CLEAR ADDi Clear A and insert the absolute value of (y). 

7. ASpy - ABSOLUTE HOLD SUBTRACT t Subtract from (A) the absolute value of 

<y). 

6. ANpy - ABSOLUTE CLEAR SUBTRACT t Clear A and insert the negative of the 
absolute value of (y). 

9. SApy - SPLIT HOLD ADDi Add (y) to (A), except that f s are to be added 

into the left-hand 3° plaoes of A. 

10. SPpy - SPLIT CLEAR ADDi Clear A, insert (y) into the right-hand 30 

places, 

11. SSpy - SPLIT HOLD SUBTRACTS Subtract (y) from (A), except that 0»s are 

to be subtracted into the left-hand 30 places of A* 

12. SNpy - SPLIT CLEAR SUBTRACTS Clear A, insert the negative of (y) into 

the right-hand 30 places, and insert l's into the left-hand 30 places. 
2.2*3 Miscellaneous Accumulator commands. The following seven statements 
define additional commands relating to transmission of data between A and storagei 

13. HPpy - CLEAR ADD PLUS ONEi Clear A and insert (y) + 1. 
ll±. ffii$>y - CLEAR ADD MINUS ONEi Clear A and insert (y) - 1, 

15, IApy - HOLD LOGICAL MJLFIPLYi "Split add" (y) to (A), as in SApy, but 
suppress the transmission to A of those digits of (y) which are in 
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places corresponding to O's in ((j)« 

16. LPpy - CLEAR LOGICAL MULTIPLY! Clear A and insert (y) into the right- 
hand 30 places, but suppress the transmission to JL of those digits of 
(y) which are in plaoes corresponding to O's in (Q). 

17« SDpy - SUBSTITUTE DIGITS* Replace each digit of (y) with the corres- 
ponding digit of (A) f provided the corresponding digit of (Q) is a If 
the remaining digits of (y) are not to be disturbed* 

18* SEpy - SUBSTITUTE EXECUTION ADDRESSi Replace the right-hand 12 digits 

of (y) with the corresponding digits of (a)j the remaining 18 digits of 
(y) are not to be disturbed* 

19# AYpy - STORE At Replace (y) with the right-hand JO digits of (A). 

2.2.1+ Q-Register commands. The following five commands are related to 
transmission of data into and out of Qt 

20. YQpy - PILL Qt Clear Q and insert (y). 

21. AQp- - TRANSMIT A to Qt Clear Q and insert the right-hand 30 digits of 

(A). 

22. QAp- - HOLD ADD FROM Qs Add (Q) to (A). 

23. QPp- - CLEAR ADD FROM Qt Clear A and insert (Q). 
2U# QYpy - STORE Qi Replace (y) with (Q). 

2*2.5 Arithmetic sequence commands. The following six commands are related 
to arithmetic processes which involve the Arithmetic Sequence Controlt 

25# ALpk - SHIFT A LEFT* Shift (A) to the left k times, replacing extren* 

right digit with the one which was at extreme left each time (circular 

shift). 
26. QLpk - SHIFT Q LEFTt Shift (Q) to the left k times, replacing extreme 
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right digit with the one which was at extreme left eaoh time (circular 
shift )• 
27# MApy - HOLD MULTIPLY! Add to (A) the product of (Q) and (y), without 
roundoff, leaving multiplier intact in Q« 

28. MPpy - CLEAR MffLTIPLTs Clear A. and insert the product of (<j) and (y), 

without roundoff , leaving multiplier intact in Q* 

29. DPpy - DIVIDES Divide (A) by (y), putting the quotient in Q and leaving 

a non-negative remainder, R, in A* The quotient and remainder are de- 
fined byi 

N =" QD+ R (0$ R<|D|), 

where H = dividend (numerator) 

and D - divisor (denominator )# 

30* SPpy - SCALE FACTOR SHIFT t Shift (a) circularly to the left until a 

and a become different; replace the right-hand 12 digits of (y) by a 

characteristic, k, defined bys 

k = (50 - S) mod 60 (0$ k ^59), 

where S is the number of places shifted. If (A) consists of all O'a 

or all l f s, reoord k as 31* 
2»2»6 Test commands* The following five statements define four test, or 
discrimination, commands (PEpt is simply a preparatory operation for TEpy)t 

31 • PBpt - PRESET END POIHT COUNTER! Clear EPK, insert the number t (the 

total number of times a routine is to be traversed), and subtract 1 

from (BPK) # 
32* TBpy - TEST END POIHT $ Subtract 1 from (EPK)j if an end-borrow (change 

of sign) results, take (y) as the next instruction; if not, take (p) 
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as the next instruction* 

33# TPpy - TEST FULL ACCUMDUTQRs If a™ and a^ (coefficients of 2^ and 
2? in (A)) are alike, take (p) as the next instruct ioni if different, 
take (y) as the next instruction* 

3U« THpy - TEST HALF OVERFLGWt If a and a^ are alike, take (p) as the 
next instruction! if different, take (y) as the next instruction. 

35 • TSpy - TEST SIGN* If (a) is negative, take (y) as the next instruct ioni 
if (A) is positive or zero, take (p) as the next instruction. 

2.2.7 Print and stop commands. The following four commands are related to 
output and stop operations! 

36. POpy - PRINT OHLYt Transmit to 6-digit Rrint/Punch Register the right- 
hand 6 digits of (y), and cause electric typewriter to print the char- 
acter to which this code corresponds* 

37# PPpy - FRIST AND PUHCHi Same as POpy, but in addition cause perforator 
to punch the 6 digits as a line of data on 6- or 7 •'hole paper tape* 

38. ISp- - INTERMEDIATE STOPt Stop clock pulse generator and flash INTER- 
MEDIATE STOP signal. 

39 • F8~ - FINAL STOPi Stop clook pulse generator and flash FINAL STOP 
signal* 

2+3 Co amenta on the Commands. 
_ 2«3fl Numbers transmitted to Accumulator. The numbers subtracted into A in 

o\ the several basic internal arithmetic operations are recapitulated in Table II. 

K 

The symbols are those defined in Section 2.2.1. The complement of a digit is rep- 
resented by a primed symbol* i.e., xj means (1 - x )• 
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2*3»2 Principal additive oommands* The four ordinary additive commands and 
the four absolute additive commands bare obvious purpose* The four split additive 
commands are provided for Manipulating "multiple precision" numbers, where 30-digit 

m 

portions of multiple length numbers are stored in separate boxes • 

2*3*3 Miscellaneous Accumulator coimands# The commands CLEAR ADD PLUS OHE 
and CLEAR ADD MIHUS OHE reduce the number of storage references required to change 
a number (e*g# # a computational index or a stored instruction) by one unit* 

The LOGICAL MJLTIPLT and SUBSTITUTE DIGITS commands provide considerable flex- 
ibility* To Illustrate one type of application, five l+-diglt nuabers and one 10- 
digit number could be stored together in eaoh box, and yet be manipulated as 
though they were stored in separate boxes* The selective operator in Q may be 
left set up for a long series of steps* 

2>3*U Q -Register commands* The commands TRANSMIT A TO Q f HOLD ADD FROM Q, 
and CLEAR ADD FROM Q enable Q to be used for rapidly accessible storage of a 30- 
dlgit number* 

2*3*5 Arithmetic sequence commands* A natural question relative to the two 
SHIFT I£FT commands 1st What happens if k, the number of places to be shifted, 
is made greater than 59 or 29 in ALpk or QLpIc, respectively? The answer can be 
deduced from the properties of ASK, as described in Section 1*3*6* The actual 
number of plaoes shifted is equal to the number represented by the right-hand six 
digits of k* 

A- flow diagram of the algorithm followed by the Arithmetic Sequence Control 
in executing the two MULTIPLY commands is given in Figure U* (The switch-like 
symbols in this diagram indicate logical dichotomies, not actual switches*) The 
steps iraedlately preceding and following the "basic Multiply algorithm 19 are 
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corrections for a negative multiplier. The step labelled "Part I" is required 
only for cumulative multiplication. 

A flow diagram of the DIVIDE algorithm is given in Figure 5* The "basic di- 
vide algorithm", if performed alone , would result in a quotient and a remainder 
satisfying the following conditions! (l) quotient odd (i.e., Son ^ Sn^ 1 ftnd ^ 
absolute value of remainder less than or equal to that of divisor. The initial 
and final corrective steps produce the positive remainder specified in the def- 
inition. In particular, a zero remainder is then represented as zero. 

ftrior to division, the dividend in A may be shifted to the left to provide 
the desired number of significant f igures in the quotient. A limitation on this 
preliminary shift is that the quotient must lie within the range of Qj i.e., its 
absolute value must not exceed (fr* - !)• In particular, if the nx>st significant 
digit of the divisor is x fl , then the most significant digit of the dividend should 
lie no further to the left than a c (this is a sufficient, but not always neees- 
sary, condition)* 

The command SCALE FACTOR SHIFT is a "substitution" command, which makes it 
possible to insert the characteristic, k, into a stored ALpk or QLpk instruction. 
The definition of k is such that if the corresponding "mantissa" is read out of 
storage and then shifted by ALpk, it will have been restored to its original po- 
sition with respect to the binary point. 

2.3.6 Test commands. The comaands PRESET END POINT COUNTER and TEST END 
« 
g POINT are provided for counting the number of times a repetitive sequence of in- 

w * structions in the program has been traversed. It is initially filled with a num- 

ber, t, equal to the desired number of traversals, by means of the instruction 

PEpt. The instruction TEpy, following each traversal, diminishes the count by 
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one and performs the -test* The two commands are defined so that the tart goat in 
tha p diraotion (t - 1) times, and goaa In the y diraotion tha t - th tims* 

Tha command TEST FULL ACCUMULATOR taata whether tha most eignifioant digit of 
(A) la at a t ^ 8 « Tha command TEST HALF OVERFLOW may ba uaad for determining whether 
a single additive operation has produced an overflow into tha laft half of A* 

2*3 • 7 Print and atop oomBamds* Tha cownands PRIHT ONLY and PRIST AMD PUBCH 
ara both provided in order that intermediate check results and other oontrol in* 
formation may be printed by the typewriter without molesting "smooth copy* being 
accumulated on the punched tape* 

Two STOP ooxanands are provided so that the operator may determine whether the 
machine has stopped to permit inspection of a printed intermediate result, or 
whether the problem is completely finished* In addition to theae programed stops, 
there are several alarm stops which are actuated by fault-deteotor oir cults* 

2»U Operating Time Considerations* 

2*1»*1 Programming for maximum effective computer speed* In order to make 
the most effective use of the two-address system of commands, the programmer most 
have knowledge of the minimum allowable time intervals between various kinds of 
reference to storage* This information is given in Table III for the 39 computer 
commands* 

Let p 9 be defined as the address of the box containing the present instruc- 
tion! y, the execution address which is part of the present instruction! and p, 
the program address in the present instruction (i»e*, the address of the box con- 
taining the next instruction)* Then the waning of the tabulated quantities, C, 
is that y should lie at least C f cells beyond p f | p should lie at least C cells 

p y yp 

beyond y! and (for commands with no execution address) p ahould lie at leaat C t 
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cell* beyond p 1 * These numbers are given in decimal notation and are rounded to 
multiples of 8* Expressed in octal notation, these mltiples are 10* 20, 30# •*©• 

The minimum intervals defined by the C f s apply only to the angular portion of 
each address (see Section 1*2*1)* Suppose that p f is 6123 (in octal) and that the 
instruction is Mkpy* Then y, the address of the box containing the multiplicand, 
should be no smaller than 6123 plus 10 (octal), or 6133* But box number 2133* 
which is situated at the same angular position in the other track group, passes 
the magnetic heads simultaneously with 6133* *&<* therefore has equal status for 
timing purposes* 

Should a shorter interval be programmed than that specified in the table, the 
only effect is a loss of operating time* The interval is automatically lengthened 
by the duration of a oomplete drum revolution, or 16 milliseconds* 

As a further refinement, the programmer may assume that the dead time from 
3777 to 0000, and from 7777 to 14000, is equivalent to ifi cell-periods* 

2*U»2 Storage lookout delays* One of the factors taken into account in mak- 
ing up Table III is the circuit recovery time which must elapse between the sev- 
eral kinds of magnetic drum storage reference* Automatic lockout delays are built 
into the storage system controls for this purpose* These delays prevent a writing 
operation from following a previous writing operation by less than about 2000 sd- 
croseoonds, a reading from following a previous writing by less than about 250 mi- 
oroseoonds, and either operation from following a reading by less than about 60 
mioroseoonds* 

2*1^*3 Clock pulse rate* The Clock Pulse Generator, which times the main Pro- 
gram Control and the Arithmetic Sequence Control, operates at a rate of 1400,000 
pulses per second* This rate determines (and is equal to) the shifting rate of Q 
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and A, in places per second* 

The basic addition cycle in the Accumulator is 3 olook pulse periods, or 7*5 
microseconds* That is, 7*5 microseconds after transmission of a number to A* a 
second operation in A, such as^ahifting, may be ordered* This interval allows 
sufficient time for propagation of a 60-place borrow (extreme case) in A* 

The timing of the MJITIPLT and DIVIDE processes, as directed by the Arith- 
metic Sequence Control, is based on these shifting and adding rates* 

2.k+k Parallel internal operations* The internal operations ordered by the 
Program Control occur both in sequence and in parallel* Execution of the Instruc- 
tion MApy will **rv to illustrate. First, Part I of the nwltiply algorithm (Fig- 
ure U) i* initiated, simultaneously with initiation of the search in storage for 
the multiplicand. Upon completion of these operations. Part II of the algorithm 
is initiated, simultaneously with initiation of the search in storage for the 
next Instruction in the program* 
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CHAPTER 3 
MISCELLANEOUS GENERAL COHSIDERATIOBS 

3*1 Ifcnual Controls* 

A number of manual controls are required for starting and for servicing the 
computer* An Initial starting control sets the Program Control registers to read 
the first instruction from a certain box, say 0000 , which is always used to hold 
the first instruction in the program* The starting control also performs such 
routine tasks as clearing toggle-circuit registers to their proper initial state. 

Controls are also provided for running the Clock Pulse Generator at a re- 
duoed rate* and for single-stepping* The distribution of clock pulses may be in- 
terrupted and resumed manually* 

5*2 Checking and Servicing* 

Elaborate means for checking the operation of the computer are not provided* 
The design of the machine permits the frequent running of brief cheek problems 
during the course of a long computation* The non-volatile nature of the data in 
storage enables the retention of check problems in storage for extended periods* 
There are, however, certain specialized checks, such as the address check in the 
machine loading operation (Section 1*5«4)« 

To facilitate servicing, neon lamps are provided for indicating the state of 

oo 

g all toggle-circuit 8 in the computer* It is therefore possible to single- pulse the 



& 



machine and observe the action, for example, of the arithmetic units* 

All electronic units are divided into replaceable plug-in chassis of conven- 
ient size* 
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3 # 3 gunber of Tubes. 

The nunber of tube envelopes in the entire eoaputer is estimated at 2500* 
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* 



MApy USES PARTS I AND IT. 
MPpy USES PART H ONLY. 

INITIAL CONTENTS: 
X: MULTIPLICAND 

q: multiplier 

A: INITIAL NUMBER (ZERO FOR MPpy) 

FINAL CONTENTS : 

X: MULTIPLICAND 

Q: MULTIPLIER 

A: INITIAL NUMBER PLUS PRODUCT 



Figure U. MJLTIPLY ALGORITHM (portion of mpy and MPpy) 
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AWC * ADD WITHOUT CARRY 
INITIAL CONTENTS : 

X: DIVISOR 

o: ZERO 

At DIVIDEND 



END DIVIDE 

FINAL CONTENTS : 

X: DIVISOR 
Q: QUOTIENT 
A: REMAINDER 



Figure 5* DIVIDE ALGORITHM (jxsrtion of DPpy) 
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TABLE I 



TEHTATIVE PHYSICAL CHARACTERISTICS OP STORAfil DRUM 



Busier of storage trades 


60 


Humber of locating or address traoks 


11 


Bumber of control or timing traoks 


2 


Digits per inch of traok 


80 


Tracks per axial inch of drum 


8 


Diameter of drum* inches 


8,5 


Length of drum* inches 


10 


Period of revolution, nominal, milliseconds 


16 


Surface speed* inches per see and 


1600 


Scanning rate, digits per seoond 


128,000 


Humber of magnetic heads 


73 
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TABLE II 

HUMBERS SUBTRACTED IKTO ACCUMULATOR 
IN THE BASIC ARITHMETIC OPERATIOIS 



Operation 


Accumulator Digits 
•59»5 8 —*30 a 29 a 28'' # Vo 


Where Used 


Add I to A 


29 29 29 29 28 10 


QApy MApy 
OPpy MPpy 
HPpy DPpy 
HS^y 


Subtract X to A 


X 29 X 29 ,#,X 29 X 29 X 28 ,,,X 1 X 


OSpy ISLpy 
(HTpy MPpy 
DPpy 


Absolute Add X to A 


1 1 *..l 1 ;tig«».xJxi 

1 1 ...1 1 XgQ-'^Q 


AApy 
APpy 
DPpy 


Absolute S\i) tract X to A 


...0 x^.-.x^ 

...0 x» •..x'xj 
28 10 


ASpy 
ANpy 
DPpy 


Split Add X to A 


1 1 ...1 X^Q...^ 


SApy 
SPpy 


Split Subtract X to A 


o o ...o ^ag^s—Vo 


SSpy 
SHpy 


Add Q to A 


^•••^^s-^W 


QAp. 

QPp~ 
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TABLE III* COMMANDS AND OPER/iTING TIJES (LIS 





TITLE 


f 


MNEMONIC 




(DEFINITIONS IN SEC. 2.2) 


CODE 


SIGNIFICANCE 


1. 


HOLD ADD 


OApy 


Ordinary Add 


2. 


CLEAR ADD 


OPpy 


Ordinary Positive 


• 3» 


HOLD SUBTRACT 


OSpy 


Ordinary Subtract 


u. 


CLEAR SUBTRACT 


ONpy 


Ordinary Negative 


5. 


ABSOLUTE HOLD ADD 


AApy 


Absolute Add 


6. 


ABSOLUTE CLEAR ADD 


APpy 


Absolute Positive 


7. 


ABSOLUTE HOLD SUBTRACT 


ASpy 


Absolute Subtract 


8. 


ABSOLUTE CLEAR SUBTRACT 


ANpy 


Absolute Negative 


9. 


SPLIT HOLD ADD 


SApy 


Split Add 


10. 


SPLIT CLEaR ADD 


SPpy 


Split Posit We 


11. 


SPLIT HOLD bUBTRACT 


SSpy 


Split Subtract 


12. 


SPLIT JLS/it SUBTRACT 


SNpy 


Split Negative 


13. 


CLEjEt ^DC PLUS OR a 


NPpy 


Notch Plus 


1U. 


CLEaR aDD LillNUb JNE 


Nilpy 


Not oh Minus 


15. 


HOLD LOGICAL ...ULTIPLY 


LApy 


Logical Add 


16. 


CLkJt LOGICAL iXLTIPLY 


LPpy 


Logical Positive 


17. 


SUBSTITUTE DIGITS 


SDpy 




18. , 


SUBSTITUTE EXECUTION i.. DURESS 


SEpy 




19. 


STORE A 


AYpy 


A to memorY 


20. 


FILL Q 


YQpy 


memorY to q 


21. 


TRANSMIT A TO q 


AQp- 


A to q 


22. 


HOLD ADD FROM Q 


qAp- 


q to A, Add 


23 o 


CLEAR ADD FROM Q 


qpp- 


q to A, Positive 


2U. 


STORE q 


QYpy 


q to memorY 


25. 


SHIFT A LEFT 


ALpk 




26. 


SHIFT Q LEFT 


QLpk 




27. 


HOLD iTJLTIPLY 


Mpy 


Multiply Add 


28. 


CLEAR ..MULTIPLY 


MPpy 


Multiply Positive 


29. 


DIVIDE 


DPpy 


Divide, Positive rem. 


30. 


oCLE FACTOR SHIFT 


SFpy 




31. 


PRESET END POINT COUNTER 


PEpt 




32. 


TEST END POINT 


TEpy 




33 c 


TEST FULL ACCUWJLATOR 


TFpy 




3U. 


TEST HALF OVERFLOW 


THpy 




35 o 


TEST SIGN 


TSpy 




36. 


PRINT ONLY 


POpy 




37. 


PRIM AND PUNCH 


PPpy 




38. 


INTERRELATE STOP 


ISp- 


t 


39. 


FINAL STOP 


FS— 





COMMANDS AND OPERATING TIJES (LIST E-U) 







MINIMUM ALLOCABLE TIME 






MNEMONIC 


INTERVALS, IN CELL- 


APPLICABLE 


CODE 


SIGNIFICANCE 


PERIODS (SEE NOTE 1) 


NOTES 




c p'y c yp Vp 


OApy 


Ordinary Add 


8 8 




OPpy 


Ordinary Positive 


8 8 




OSpy 


Ordinary Subtract 


8 8 




ONpy 


Ordinary Negative 


8 8 




AApy 


Absolute Add 


8 8 




APpy 


Absolute Positive 


■ 88 




ASpy 


Absolute Subtraot 


8 8 




ANpy 


Absolute Negative 


8 8 




SApy 


Split Add 


8 8 




SPpy 


Split Positive 


8 8 •* 




SSpy 


Split Subtract 


8 3 




SNpy 


Split Negative 


8 8 




NPpy 


Not oh Plus 


'" ' 8 8 




NMpy 


Not oh Minus 


8 8 




IApy 


Logical Add 


8 8 




LPpy 


Log its al Positive 


8 8 - 




SDpy 




8 32 


2 


SEpy 




" 8 32 


2 


AYpy 


A to raemorY 


8 32 


2 


TCpy 


memorY to ft 


8 6 




AQp- 


A to 4 


8 




ftAp- 


ft to A, Add 


8 




ftPp- 


ft to A, Positive 


8 




ftYpy 


Q to memorY 


8 32 


2 


ALpk 




- • 8,16,21+ 


3 


QLpk 




8,16 


3 


Mapy 


Multiply Add 


8 U5 




MPpy 


Multiply Positive 


8 I4O 




DPpy 


Divide, Positive rem* 


8 56 




SFpy 


• 


2U 32 


2 


PEpt 




8 




TEpy 




8 




TPpy 




8 




THpy 




8 




TSpy 




8 


_ 


POpy 




8 8 


h 


PPpy 


t- 


8 8 


k 


ISp- 




- - 




FS-- 




— — ■» 





Note 1 



Note 2 



Note 3 



Note h 



E-A+) 



MINIMUM ALLO;iABLE TIME 
INTERVALS, IH CELL- 
PERIODS (SEE NOTE 1) 


APPLICA3LE 
NOTES 


c p'y c yp Vp 


1 1 1 1 

OO CO CO OO 
OO CO CO CO 




8 8 

- 8 8 

8 8 

8 8 




8 8 

3 8 1 

8 8 

8 8 




'" ' 8 8 

8 8 

8 8 

8 8 - 

8 52 - 
" 8 52 

8 52 


2 
2 
2 


1 CO OO CO 1 

CO 1 • 1 CM 
CO 1 1 1 CO 


2 


- • 8,16,21+ 

8,16 

8 1*8 

8 1+0 

8 56 

21+52 


3 
3 

2 


8 

8 
8 
8 
8 




8 8 

8 8 





Note It 



One cell-period is approximately 8 
microseconds. 



Note 2$ 



Tha minimum allowable time interval 
between two storage writing operations 
is 256 cell-periods. Should a shorter 
interval be programed, the interval 
will automatically be lengthened by 
tha duration of a complete drum revo- 
lution, or 16 milliseconds. For a 
single storage writing operation, only 
tha time intervals tabulated here need 
be provided. 



Note 3t 



For shifts of 1 to 20 places, C , is 
8j for 21 to Up places, l6j for I41 to 
60 places, 2)j« 



Kote U* 



Tha minimum allowable time interval 
between two print/punch operations is 
of the order of 125 milliseconds. 
Should a shorter interval be programmed, 
it will automatically be lengthened to 
this value. For a single print/punch 
operation, only the time intervals tab- 
ulated here need oe provided© 



M 
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